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Haemodynamic observations were made during a short period of physical exercise on 10 male
Jjuvenile diabetics as soon as the diagnosis was made and again after adequate insulin treatment.
It was found that the intra-arterial pressures rose to higher levels than in the control subjects at
both examinations. The stroke volume increased and the heart rate decreased between the two
examinations. These changes are tentatively attributed to metabolic adjustments after insulin
therapy, offering more favourable conditions for the work of the heart muscle.

Haemodynamic studies at rest and during
exercise were carried out by Karlefors (1966)
on men with diabetes of different duration
and severity. He reported that the diabetics
had a lower cardiac output during exercise
due to a decreased stroke volume, in com-
parison with control subjects. At rest, no
difference was noticed. Karlefors also re-
ported raised intra-arterial pressures during
exercise in the diabetic groups.

The aim of the present study was to find
out if this decreased stroke volume during
exercise occurs in recently recognized dia-
betics. For this reason, men with recently
diagnosed juvenile diabetes were examined
haemodynamically at rest and during moder-
ate physical exercise before starting insulin
therapy. Later on, when the disease had been
controlled with adequate insulin therapy,
the examination was repeated. In prelimin-
ary communications we have reported that
the intra-arterial pressures during exercise
rose to higher levels in newly diagnosed,
male juvenile diabetics than in control sub-
jects of the same age (Carlstrom and Karle-
fors, 1967a), and that this exercise-induced
hypertension was not modified by adequate
insulin treatment for about 6 months (Carl-
strom and Karlefors, 1967b).

Material and methods

Ten male subjects in whom juvenile diabetes had
recently been diagnosed were selected for the
present study. They were examined twice; before
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and after approximately one year’s adequate
insulin treatment. The diagnosis of diabetes was
based either upon fasting blood sugar above 150
mg./100 ml. or on a diabetic oral glucose tolerance
test using the criteria of Scherstén (1966). All the
patients had subjective symptoms of diabetes
including increased thirst, polyuria, and, in some
cases, loss of weight. Some clinical data of the
patients examined are summarized in Table 1.
Cases 2, 4, 5, and 6 were examined after an over-
night fast at both examinations and did not get
their ordinary insulin dosage before the second
examination. The other patients were examined
on both occasions about one hour after a break-
fast of tea and bread and butter. These patients
got their ordinary morning insulin dose at the
second examination.

The examination started with the insertion
of polythene catheters under local anaesthesia
(mepivacaine, 1% solution). One catheter was
placed in the brachial artery and another in one
of the cubital veins and advanced to the sub-
clavian vein. When samples were not taken, the
catheters were filled with physiological saline and
in some of the patients (Cases 2, 4, 5, 6) a small
amount of heparin (50 mg. to 500 ml.) was added.

After insertion of the catheters the patients were
allowed to rest for about 14 hours. The patients
then performed physical work on a bicycle ergo-
meter in the supine position. The work load was
600 kpm. per minute.

The heart rate was registered on the electro-
cardiogram. The intra-arterial pressures were
determined by an inductance manometer and the
mean pressures obtained by electrical integra-
tion.! The cardiac output was measured with the
indicator dilution technique using bromsulpha-
lein as the indicator (Wassén, 1956). Expired air

1 Equipment was Elema, Sweden.
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was collected in Douglas bags and analysed for
O, and CO. by the Scholander technique
(Scholander, 1947). Base excess, Pco,, and pH
in arterial blood were measured by the Astrup
micro-technique, as described by Siggaard
Andersen (1962). Oxygen saturation in arterial
blood was determined spectrometrically (Holm-
gren and Pernow, 1959). Blood sugar was esti-
mated according to Marks with a glucose oxidase
method (Marks, 1959). The statistical evaluation
was made with Wilcoxon’s rank sum test (Wil-
coxon, 1945).

The haemodynamic measurements were made
during the resting period before the exercise and
were repeated between the sixth and eighth
minutes of exercise when the patients were in a
steady circulatory state. Steady state was con-
sidered to be present when the heart rate did not
increase by more than four beats in two minutes.
Blood sugar was measured at intervals during
the entire examination, and the other chemical
determinations immediately before and after
about seven minutes of exercise.

Results

The results of the measurements are sum-
marized in Table 2. It is apparent from the
Table that the diabetics had gained in weight
between the first and the second examination.
This difference is, however, not significant.
It is reasonable to assume that the diabetics
had lost weight before the discovery of the
diabetes and that this weight loss was com-
pensated for during treatment. There are
no differences between the resting data at
the two examinations except for the blood
sugar. None of the diabetics was dehydrated
or in a state of ketoacidosis at any of the
examinations. The blood sugar level during
the examination, which is the mean of 17
determinations in each subject, showed no
significant fluctuations, but the mean level
of the whole group was, as expected, higher
at the first examination.

During exercise, the intra-arterial pres-
sures rose to about the same level at both
examinations. In Fig. 1 the mean intra-arterial
pressures during exercise are graphically
represented, and for comparison the mean
intra-arterial pressures during exercise in a
group of control subjects of the same age,
examined earlier, are given (Carlstrém and
Karlefors, 1967a). It is clear that the dia-
betic group on both occasions reached higher
intra-arterial pressures than the control
' group, and that there were no differences
between the data of the two examinations
of the diabetic group.

In Fig. 2 other haemodynamic measure-
ments of the diabetics at the two examina-
tions are presented graphically together with
data from a group of control subjects of the

TABLE I Details of the patients at the
first examination

Case  Age Height/| Plasma Blood Duration Complica-
No. (yr.) weight creatinine pressure  of symp-  tions
(cm.[kg.) (mg.[100 ml.) (mm. Hg) toms (wk.)

I 32 181/757 07 140/90 3 o

2 21 172/620 09 140/80 6 o

3 21 174/57°5 (NPN 36) 140/85 4 o

4 23 179/64°5 10 140/90 8 o

5 17 171/56°7 o8 135/80 2 o

6 25 181/71°3 (NPN 30) 140/80 8 o

7 19 179/63-0 1’10 14575 3 o

8 19 185/71°7 110 125/90 4 o

9 22 173/58'5 (NPN 36) 140/80 4 o

10 28 182/756 (NPN 30) 145/90 9 o

NPN =non-protein nitrogen.

TABLE 2 Some data on diabetic subjects

before and after insulin treatment at rest

and during exercise (work load, 600 kpm./min.)

Before insulin After insulin Significance
level
Mean SEM No. |Mean SEM No.

Age (yr.) 227 1'44 10 239 1°'54 10 NS

Height (cm.) 1777 1'53 10 | 1786 1-38 10 NS

Weight (kg.) 657 233 IO 707 257 10 NS

Heart rate  Rest 677 422 I0 675 377 10 NS
(beats/ Exercise 1494 594 10 | 1302 363 10 p<o005
min.)

Cardiac out- Rest 7'48 049 10 758 065 10 NS
put Exercise 1630 1'0I IO 1673 066 10 NS
(1./min.)

Stroke vol- Rest 1114 53¢ 10 | III'Q 6's2 10 NS
ume (ml.) Exercise 1107 7'90 10 129°2 582 10 p<o005

Brach. art.
pressure
(mm. Hg)

Syst. Rest 1276 575 10 | 1271 374 10 NS
Exercise 1764 629 10 176°4 734 10 NS
Diast. Rest 707 1'89 10 712 233 10 NS
Exercise 881 2-88 10 831 401 10 NS
Mean Rest 90-8 3 II IO 924 278 10 NS
Exercise 1151 242 10 1169 477 10 NS

Calculated Rest 12°6 092 IO 129 095 10 NS
vascular  Exercise 727 046 10 705 035 10 NS
resistance

Oxygen Rest 3027  I7°1 10 | 301°9 1524 10 NS
uptake Exercise 15996 437 10 |1504'8 445 10 NS
(ml./min.)

RQ Rest 077 002 IO 075 o001 10 NS

Exercise o085 002 IO o087 o003 10 NS
pH Rest 7°'412 O0'OII IO 7403 o0-010 10 NS
Exercise 7375 0008 10 7'364 o010 10 NS

Base excess Rest —006 0489 9 —o0'80 0410 10 NS
(mEq/l.) Exercise —2'15 0619 IO —305 0353 10 NS

Haematocrit Rest 433 131 IO 429 1ror 10 NS
(%) Exercise 446 125 IO 45'4 o081 10 NS

Blood glucose 1984 177 10 |III'2 I30 10 P<0'00I
(mg./

100 ml.)

NS =not significant. SEM = standard error.
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FI1G. I The systolic, diastolic, and mean
intra-arterial pressures during exercise in a
group of control subjects and diabetics before
and after insulin treatment.

same age, previously published (Carlstrém
and Karlefors, 1967a). The mean heart rate
shows a tendency to be higher and the mean
stroke volume to be lower in the diabetic
group at the first examination in comparison
with the control group, but neither of these
differences is statistically significant. At the
second examination the diabetic patients
showed a mean stroke volume significantly
(p < 0°05) higher than that of the first examina-
tion, but as the mean heart rate decreased,
the mean cardiac output remained unchanged.
The difference in stroke volume was seen
only during exercise, the values at rest being
the same before and after treatment. In-
ability to increase in stroke volume can thus
be said to be the essential difference between
non-treated and treated diabetics.

Discussion

In diabetics, the blood pressure rises to
higher levels during exercise than in com-
parable control subjects (Karlefors, 1966).
This abnormal reaction to exercise seems to
be already present at the onset of the disease
and is not modified by adequate insulin
therapy for about one year. These findings
may support the theory that there are struc-
tural changes in the arterial wall early in
diabetes (British Medical Journal, 1965), but
they are reflected in the blood pressure
figures only when the cardiac output is in-
creased. At rest no increase in intra-arterial
pressures was noticed.

As found by Karlefors (1966), the stroke
volume of the diabetics during exercise was
decreased in comparison with that of control
subjects. In the present investigation the car-
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FI1G. 2 The heart rate, stroke volume, and
cardiac output during exercise in a group of
control subjects and diabetics before and
after insulin treatment.

diac output was not lowered because of a
higher heart rate. This finding may seem to
contradict that of Karlefors (1966) but the
two studies are not comparable.

The possibility that the increase in stroke
volume during exercise and decrease in
heart rate between the two examinations might
be explained by an improvement in the
general condition of the patients, can be
discounted because all had been at work when
the diagnosis was made, none of them was
dehydrated or ketoacidotic, or had any symp-
toms apart from those of early diabetes.
Normally our diabetic patients are recom-
mended to take exercise, but this was not
done here, and none of them had trained
physically or changed occupation between
the two examinations. It is unlikely there-
fore that the higher stroke volume and lower
heart rate at the second examinations are
the results of training.

Carlsten and his colleagues studied the
myocardial arteriovenous difference of several
metabolites in diabetics before and after
insulin (Carlsten et al., 1966). They showed
that insulin lowered the myocardial free fatty
acid extraction in the diabetics to about the
level found in control subjects. They found
no difference in the myocardial extraction of
glucose before and after insulin which was
similar to control values. The authors sug-
gested that the diabetic heart muscle after
insulin administration increased the oxida-
tion of other substances such as ketone bodies,
plasma triglycerides, or substrates stored in
the heart muscle, and consequently decreased
the oxidation of free fatty acids.

Diabetics, before insulin (n«O)

Cardiac output (I./min)
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Apparently insulin treatment in diabetics
can adjust myocardial metabolism towards
normal. This may explain the increased
stroke volume in our patients at the second
examination.

The fact that the resting stroke volume was
normal but did not increase during exercise
suggests that any deranged metabolism exerts
its influence only when the work of the heart
is increased.
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